Establishing ancestry from a skeleton for forensic purposes has been shown to be difficult. The purpose of this paper is to address the application of thirteen non-metric traits to estimate ancestry in three South African groups, namely White, Black and ''Coloured''. In doing so, the frequency distribution of thirteen non-metric traits among South Africans are presented; the relationship of these non-metric traits with ancestry, sex, age at death are evaluated; and Kappa statistics are utilized to assess the inter and intrarater reliability. Crania of 520 known individuals were obtained from four skeletal samples in South Africa: the Pretoria Bone Collection, the Raymond A. Dart Collection, the Kirsten Collection and the Student Bone Collection from the University of the Free State. Average age at death was 51, with an age range between 18 and 90. Thirteen commonly used non-metric traits from the face and jaw were scored; definition and illustrations were taken from Hefner [2] , Bass [6] and Hauser and De Stephano [7] . Frequency distributions, ordinal regression and Cohen's Kappa statistics were performed as a means to assess population variation and repeatability. Frequency distributions were highly variable among South Africans. Twelve of the 13 variables had a statistically significant relationship with ancestry. Sex significantly affected only one variable, inter-orbital breadth, and age at death affected two (anterior nasal spine and alveolar prognathism). The interaction of ancestry and sex independently affected three variables (nasal bone contour, nasal breadth, and interorbital breadth). Seven traits had moderate to excellent repeatability, while poor scoring consistency was noted for six variables. Difficulties in repeating several of the trait scores may require either a need for refinement of the definitions, or these character states may not adequately describe the observable morphology in the population. The application of the traditional experience-based approach for estimating ancestry in forensic case work is problematic.
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Sotho-Tswana, which includes the Southern, Northern and Western Sotho (Tswana), the Tsonga and the Venda. White South Africans descend largely from colonial immigrants of the late 17th, 18th and 19th centuries and included European groups such as the British, Dutch, German, and French Huguenots. ''Coloured'' and brown are social terms used to define -both culturally and socially -persons who descended from slaves brought in from the East and Central Africa, Malaysia, the indigenous Khoisan who live in the Cape, as well as modern black and white people. Despite their various origins, South African Coloureds are considered a distinct population group. Brace and Hunt [4] suggested that non-metric traits associated with ancestry were manufactured in America and that the application and interpretation of methods based on these traits are not exportable to other countries or populations [4] . While Brace and Hunt's comment was to act as a deterrent to researchers investigating differences among populations, it has, perhaps unintentionally, also provided justification for this type of research. In South Africa, law enforcement and forensic pathologists frequently request a social classification, such as Black, White, or ''Coloured'', from the biological remains of an unidentified person.
Yet, medicolegal investigators and anthropologists have little understanding of human variation in the country and the meaning behind providing an ancestry designation to a set of skeletal remains. With current research trends focused on the accuracy and reliability of anthropological methods, the question has arisen as to whether these non-metric traits can be meaningfully used to distinguish White, Black and ''Coloured'' South Africans. The results of these inquiries have direct implications for the use of these methods for forensic case work in sub-Saharan Africa as well as for addressing larger issues regarding human variation and anthropological methodology.
Materials and methods
Crania of 520 individuals of known sex, age at death and ancestry were examined ( Table 1 ). The average age at death of the sample was 51, with an age range of 18-90 (Table 2) . Despite the 10-20 year age at death category, no juveniles were included in this study. The majority of the individuals were born in the early to middle part of the 20th century, with only 36 people born prior to 1900 and four after 1970. The sample was sourced from four modern 20th-century osteological collections in South Africa: the Pretoria Bone Collection (PBC), which is housed at the Department of Anatomy, University of Pretoria (Gauteng Province); the Kirsten Collection, which is stored in the Department of Anatomy at the Tygerberg Medical Campus, University of Stellenbosch (Cape Province); the Student Bone Collection, which is kept in the Department of Anatomy, Free State University (Free State Province); and the Raymond A. Dart Skeletal Collection, which is housed in the Department of Anatomical Sciences at the University of the Witwatersrand (Gauteng Province).
Thirteen non-metric traits from the face and jaw were scored. These traits were selected for two reasons. First, nine of these discrete traits, which were examined by Hefner [2] on North American groups, were shown to demonstrate a positive correlation with ancestry. Second, some of these variables -particularly those of the nasal and maxillary regions -are commonly used in South African forensic reports as a means to distinguish ancestral groups.
Standard definitions and illustrations for nine traits, namely nasal bone contour (also referred to as nasal bone structure), nasal aperture width, anterior nasal spine projection, inferior nasal aperture form, nasal overgrowth, malar tubercle, interorbital breadth, zygomaticomaxillary suture form, and transverse palatine suture shape, were taken from Hefner [2] . For detailed illustrations of these nine characters states, refer to Hefner [2] . Bass's [6] work was used to provide definitions of alveolar prognathism and zygomatic projection, white the definitions of Hauser and De Stephano [7] were used to score the presence or absence of the mandibular and palatine tori.
Brief definitions of these traits are presented in Table 3 . In the nasal region, five discrete traits were analyzed, which included nasal bone contour, nasal aperture width, anterior nasal spine, inferior nasal margin, and nasal overgrowth. From the zygomatic and maxillary bones, another five discrete traits, namely the zygomatic projection, malar tubercle, interorbital breadth, zygomaxillary suture shape (Zs), and alveolar prognathism (Ap), were assessed. Three discrete traits were recorded on the mandible. These include the transverse palatine suture shape as well as the mandibular and palatine torus.
Statistical analyses were performed using SPSS version 11.5 for Windows and SAS PROCFREQ. Frequency distributions for each of the discrete traits and their corresponding character states were compiled for Black, White and ''Coloured'' South Africans.
To evaluate the relationship of the 13 discrete traits with ancestry, sex and age at death, ordinal regression was applied. In ordinal regression, the dependent variable is scored as categorical but nonetheless can be viewed as varying on a semicontinuous scale that is otherwise difficult to quantify precisely. For example, the character states for many non-metric skeletal traits vary from absent to weak to strong. Since, the typical discrete trait is scored in only 2, 3, or 4 character states, some of the assumptions of ANCOVA are violated. Ordinal regression (and the similar logistic regression procedure) allows one to analyze the variance structure of these traits in a fashion that is analogous to ANCOVA. These methods are more powerful than standard univariate and bivariate tests (such as Chi-squared and ttests) because they allow for the simultaneous assessment of multiple independent variables, which helps to counter the sometimes subtle effects of unbalanced study samples and also permits one to examine higher order interactions between the variables.
In ordinal regression, the independent variables can be categorical (such as sex or ancestry) or continuous (such as age at death) [8] . Categorical and continuous independent variables can be combined in the same model. Interactions are assessed between two or more categorical independent variables, such as sex and ancestry, which can combine to affect the dependent variable in a way that neither variable does alone.
Ordinal regression calculates the log odds of the dependent variable, which is simply a transformation of the raw value of this variable. The application of maximum likelihood estimation transforms the dependent variable into a logit variable and in doing so the ordinal regression equation can be used to estimate the odds of a certain event occurring [8] .
To measure inter-and intra-rater agreement, scores for the thirteen discrete traits were repeated on 30 skulls. The first (CVR) and second (ENL) observer scored these traits on two separate occasions. The strength of agreement between these scoring sessions was calculated using Cohen's Kappa statistic [9] . Agreement was determined to be excellent with a correlation coefficient greater than 0.75, moderate when the correlation coefficient was between 0.40 and 0.74, and poor when it was less than 0.40. 
Results
Frequency distributions of the thirteen traits for White, Black and ''Coloured'' South Africans are presented in Table 4 . Scores for Black and ''Coloured'' South Africans were predominantly distributed into the African or Asian groups for nasal bone contour, anterior nasal spine, and the inferior nasal margin; white South Africans also fell in the European categories for these variables. For the other discrete traits, the frequency distribution of South African groups was highly variable and did not correspond with traditional classifications.
A summary of the ordinal regressions is provided in Table 5 . Except for the shape of the transverse palatine suture, all the discrete traits were shown to have a statistically significant relationship with ancestry. Sex significantly affected only one variable, inter-orbital breadth, and age at death affected two (anterior nasal spine and alveolar prognathism). With the advancement of age, the anterior nasal spine was more often scored as long, whereas alveolar prognathism was more often scored as absent. The interaction of ancestry and sex independently affected three variables (nasal bone contour, nasal breadth, and interorbital breadth). The test by itself is not able to show the amount or direction of this influence among the groups, and post hoc tests are necessary to tease out the details.
In Table 6 , the cross-tabulations for the interactions between sex and ancestry for nasal bone contour, nasal aperture width and inter-orbital breadth are shown. Irrespective of ancestry, males exhibited a greater number of intermediate and wide scores for inter-orbital breadth than females. Black and ''Coloured'' males were more likely to present hut or tented nasal shapes, intermediate nasal aperture widths, and wide inter-orbital breadths than either Black or ''Coloured'' females. No differences in sex were observed for white South Africans and these discrete variables. The absence of sex differences for white South Africans can be attributed to differences in sexual dimorphism between populations.
A summary of intra-and inter-rater agreement, p-values, the Kappa statistic, as well as the percentage of agreement and its interpretation are provided in Table 7 . Seven variables, which include the nasal bone contour, nasal aperture width, nasal overgrowth, anterior nasal spine, inferior nasal margin, interorbital breadth and malar tubercle had moderate to excellent repeatability for both observers. However, the other six variables - Table 3 Thirteen standard non-metric traits used in the study.
Non-metric traits Definition
Nasal region Nasal bone contour (nbc) The external surface contour of the nasal bones is observed and classified as quonset-hut (round) (0), oval (1), tented (plateau) (2), semi-triangular (3), or steepled (triangular) (4) [5] . A nasal contour gauge, which was employed by Hefner [2] , was not used. Nasal aperture width (naw)
The width of the nasal opening was visually assessed and scored as narrow (1), medium (2), or wide (3) [2] . Anterior nasal spine (ans)
This trait is scored with reference to an imaginary midsagittal line that runs from prosthion to nasion and ranges from a short (1), to intermediate (2) , to a pronounced (3) projection [2] . A short spine has no projection from the nasal ridge; a dull spine has projection but does not pass beyond prosthion; whereas a pronounced spine projects beyond prosthion [2] . Inferior nasal margin (inm)
''The most inferior part of the nasal aperture, which, when combined with the lateral alae, constitutes the transition from the nasal floor to the vertical portion of the maxilla, superior to the dentition'' (Hefner [2] : p. 987).
Variants include a guttered appearance (1), incipient guttering (2), straight (3), transitioning to a partial sill (4), and a complete sill (5) [2] . Nasal overgrowth (no)
''Inferior projection of the lateral border of the nasal bones which is beyond the maxillae at nasale inferious'' (Hefner [2] : p. 989), which is scored as present (1) or absent (0). Zygomatic and maxilla Zygomatic projection (Zp) The observer holds the skull at the occipital region and places a pencil across the nasal aperture. From this position, the observer evaluates the distance between the zygomatic bones and the pencil. In a non-projecting zygoma (1) one can insert a finger between the zygomatic bone and the pencil. A retreating zygoma (2) refers to a slight projection of the face towards the pencil. In a projecting zygoma (3) the observer is unable to insert a finger between the zygomatic bone and the pencil; this is also referred to as a flat face [6] .
This trait is a ''caudally protruding tubercle located on the inferior margin of the maxilla and zygomatic bone'' (Hefner [2] : p. 988). In this instance, ''a transparent ruler is placed at the intersection of the zygomatic suture and the inferior margin of the malar bone to the deepest point on the curvature of the maxilla'' (Hefner [2] : p. 988).
The ruler is then used as a plane of reference to score protrusion of the tubercle with respect to the zygomaticomaxillary suture. A score of absent (0), incipient (1), trace (2), and present (3) is assigned to the appearance of the malar tubercle.
Interorbital breadth (ib)
The distance from dacryon to dacryon is scored as narrow (1) This suture has three variants: angled (0), smooth (1), and s-shaped (2). An angled suture has the greatest lateral projection near the midline, a smooth suture has a lateral projection at the inferior terminus, and an s-shaped suture has a zig-zag appearance across the maxillary bone [2] . Alveolar prognathism (Ap) According to Bass [6] , the observer takes a pencil and places it ''on or near the anterior nasal spine, at the midline of the skull, and at the base of the nasal aperture''. The pencil is then lowered ''towards the face until it touches the menton'' (Bass [6] : p. 92). In doing so, the observer records either a flat (1) or prognathic (2) face, which is one that projects beyond the plane of the nasal bones [6] . Mandible Transverse palatine suture shape (Tp) The medial half of the transverse palatine suture is scored and has four character states, which include: a straight symmetrical suture that intersects the palate perpendicular to the median palatine suture and does not deviate from the midline (0); an anteriorly symmetrical suture, which crosses the median palatine and deviates anteriorly at the midline juncture (1); the anterior and posterior deviation of the suture at the midline (2); and the posteriorly symmetrical deviation of the suture at the midline (3) [2] .
Mandibular torus (Mdt)
A protrusion of bone may be observed on the lingual surface of the mandible with the center over the root of the mandibular second molar [7] . The trait is scored as present (1) 
or absent (0). Palatine torus (pt)
A cigar-shaped ridge of bone may be observed on the midline of the hard palate and may vary in size, form and extent [7] . This trait is scored as present (1) or absent (0). zygomatic suture shape, zygomatic projection, alveolar prognathism, mandibular torus, palatine torus and transverse suture shape -had poor consistency between observers. The statistically significant p-values for intra-and inter-observer scores mean that the observers assigned different character states for these discrete traits during the repeated trials.
Discussion
The estimation of ancestry forms a critical component of the biological profile. In biologically diverse countries like South Africa, knowledge of ancestry can be potentially useful in reducing the number of victims from a list of missing persons.
Forensic anthropologists and pathologists often use the traditional experience-based approach for estimating ancestry. The method involves the scoring of a series of discrete traits on the cranium. One or more of these traits are then combined to assign a classification of European, African, and Asian [10] . The problem with this technique is that it is not reliable, not accurate and cannot explain human variation within a population [2] .
Stewart [11] was the first to address the possibility that a greater amount of variation existed among socially defined North American groups. However, his advice to forensic anthropologists was to rely on their personal experience as a means to determine the ancestry of an unknown person. Anthropologists followed this approach in North America and worldwide, and any overlap of discrete traits found in a cranium was explained as admixture between populations.
Current theory in human skeletal biology suggests that substantial variation exists in all human groups. Furthermore, culture, language, ecology and geography have been shown to influence the pattern and direction of this variation in both modern and historical populations [3, [12] [13] [14] . In other words, sex, age at death, and date of birth also contribute to the variation that is observed in and between groups.
In a study of non-metric trait variation among White, Black and Native Americans, Hefner [2] demonstrated that ten traits -the anterior nasal spine, inferior nasal aperture, inter-orbital breadth, malar tubercle, nasal aperture width, nasal bone contour, nasal overgrowth, post-bregmatic depression, supra-nasal suture, and the transverse palatine -were significantly correlated with ancestry. In addition, a large amount of within-group variation was observed for each trait. A large amount of within-group variation is normal for a population, and, according to Hefner [2] , nullifies the application of experienced-based morphological methods for the estimation of ancestry; especially when the observer relies too heavily on the assumption that there are marked trait differences between groups.
The distribution of variation of thirteen discrete traits for Black, White and ''Coloured'' South Africans contributes to our knowledge and understanding of human variation. Similar to Hefner's study [2] , these discrete traits were shown to have both a large amount of within-group variation and to have a statistically significant relationship with ancestry. In addition, this study also showed that sex, age, and the interaction of sex and ancestry also influenced the variation found within some of these discrete traits. With regard to age at death, the presence of alveolar prognathism decreased with increasing age in the sample, whereas the length of the anterior nasal spine increased with increasing age. These results may be a consequence of the older persons in the sample for whom tooth loss and alveolar bone resorption would have contributed to changes in their facial morphology.
Another interpretation for these results is that non-metric traits are not valid assessors of biological variation in a population [15, 16] . Researchers have shown that non-metric trait expression can be attributed to a combination of genetics and environmental influences [15] [16] [17] . But, no clear consensus is available as to which factor, genetics or environment, is more contributory to the morphological expression of a discrete trait [16] . Furthermore, the genetic inheritance of a trait has been shown to have little to do with its visible appearance in a group [15] .
Forensic anthropologists frequently use discrete traits to justify biological separation between groups. Yet, many researchers are unsure about these traits being valid measures in discerning population differences, particularly among admixed groups such as ''Coloured'' South Africans [15] [16] [17] [18] .
In a study on Native Americans associated with the Pete Klunk Mound group, Koningsberg [17] noted that discrete traits did not change in frequency or distribution across temporal groups. The traits were shown to be heritable, but they did not significantly contribute to the biological variation in the population. Unlike osteometric stature or sexual dimorphism, they were not population specific. Similarly in a study on discrete traits and familial (genetic) relationships, Ricaut et al. [18] found positivealbeit low -correlations between the two variables. In line with other researchers, they cautioned the use of discrete traits as a means to explain assumed genetic differences between groups.
In this study, the relative equal distribution of discrete traits used to evaluate ancestry among three South African groups offers some support to these studies on discrete trait analysis. However, when compared to Hefner's [2] North American groups, South Africans are more genetically heterogeneous. This inherent heterogeneity, due to migration, gene flow and historical circumstances, may also explain the lack of separation of these traits among the three groups.
These results suggest that anthropologists cannot visually differentiate populations based on individual discrete morphological traits. Multi-variate analyses, such as ''logistic regression, naive Bayesian and k-Nearest neighbour'', have been suggested as a better approach to quantify and to describe differences within and between populations ([2]:p. 994).
In previous decades, scholars often assumed that non-metric traits were easy to replicate [19] , but in later years, it was found that poor definitions lead to inaccuracies in repeatability of the character states [2] . In this study, several traits, including zygomatic suture shape, zygomatic projection, transverse palatine suture shape as well as the presence or absence of alveolar prognathism, the mandibular torus, and the palatine torus were shown not to be repeatable between observers. A possible explanation for this may be a poor description of the traits, or that the trait descriptions do not fit the populations to which they are applied. These issues may have affected the correct selection of these variables and thus explain the large differences in intra and inter-rater repeatability. The remaining traits, which were obtained from Hefner [2] , were repeatable and should be used in future non-metric studies evaluating ancestry.
Conclusion
The distribution of discrete traits in a South African sample was shown to be highly variable. Yet, despite considerable withingroup variation, these discrete traits had a statistically significant relationship with ancestry. This outcome supports previous work done by Hefner [2] on North American populations. Therefore, the application of the traditional experience-based approach for estimating ancestry is not a reliable approach for forensic case work in South Africa. Rather, the non-metric evaluation of ancestry needs to be based on statistical analyses from which known accuracy and reliability values can be obtained [2, 3] .
